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Abstract O 1 0O
: : K(n =g 0 @)
We present the calculation of theam-beantune shift and 047, /B, 10

dynamical betafunction for PEP-II as a function of the
fractional tune and the beam separation at thgarasitic
collision (PC) points. We do the calculation both ftypical”
and for “pacman” bunches taking into account all the PCs.

wheref3, is the lattice beta-function at the collision paint
We assume that the lattice is linear and that there is-yo
coupling, so that we can treat the horizoraiadi vertical phase
spaces separately ithe two rings. We label thgarasitic
1 INTRODUCTION collisions n=1,---,4 or n=-4,---,-1 as shown in Fig. 1,
and n=0 is the main collision at the IP. Withhis
If the beam-beam interaction is relatively weak, as isc#$e ¢conyention, the one-turn map for a particteresponding to a

for most colliders, one can assess, in linear approximation, d§face of section immediately before the IP is given by
most basic constraint on the choice of the working point. This M"(0) = M(0, ~1)K (=1)--- K (~4)

constraint is absolutely necessary, although far from sufficient,
for acceptable luminosity performance. Obviously this x M(=4,4)K(4)---K()M(L,0)K(0) (2)
approximation is insensitive to allsynchro-betatron where M(n,m) is the linear transport matrix [3] from poim
resonances, and to all betatron resonances except those neo {@intn.
integer and half-integer tunes. n=1 n=0

There are threwvell-known consequencethat follow from
the linear approximation: (1) stopbanusarintegerand half-
integer tunes appear; (2) the tune shifiduced bythe beam- n=—
beam collision is significantlgifferent from the beam-beam
parameter neathe edges ofthe stopbandand (3) the beta
function at the IP isdifferent from its nominally-specified
value (this is theso-called “dynamicabeta function”effect).
We computeherethe edges ofthe stopbands, thbeam-beam
tune shiftsandthe dynamical betdunctions at the IP for the
specific case of PEP-II, as a function of tune.

The PEP-lldesign [1]calls for head-oncollisions with
magnetic separation in the horizontal plane. As a rethdte
are four PCs oneither side of the IP. If the beam were

uniformly populated, the tune shifand dynamical beta Fig. 1: Sketch of thdbeam-beantollisions aroundthe ring.
function would bethe same for all buncheslowever, the —q representghe main collision at the IP. Thethers

existence of an ion-clearing gapplies that those bunches agollisions are parasitic. The beam moves in thiirection
the head and the tail of the train (dubbed “pacman” bunches)fificated by the arrow.
not experience all PCs. For this reason, thmsehes have @  Tha peam-beantune shift Av and the dynamical beta

different tune shift and dynamical betafunction from the ¢ nction B'at the IP are extracted from the usual formulas
bunchesaway from the ends of the train (dubbed “typical”

n=1

n=-2 n=2
n=3

n=-4 n=4

bunches). In our calculation we take irgocountall the PCs, COS(2H(V+A|\;),)((;)tr M (0)/2 ®

and we present results both for typicand for pacman p=——72 (4)
bunches. This article summarizes Ref. [2]. sin(2m(v +4v))

wherev is the unperturbed, or “bare lattice,” tune. Faralage

2 CALCULATION IN LINEAR THEORY of values of the tunegefined by v_ < v< v,, theright-hand

Each beam-beansollision, whether it is head-on orlong- Side 0f EQ. (3) is largethan 1 in absolute valuepdhence a
range, is characterized inlowest order by a beam-beam stopband app_earA.v_ re_ac_h_es a finite limit at both edges of the
paramete€ which measures its strength esperienced by the Stopband, whilef’ is infinite at v_ andzero at v,. For a
particle at thecenter ofthe bunch. In the small-amplitudeSingle kick of strength &, v, =p/2 (exactly), and

approximation it is described by the kick matrix V. =p/2-2§0+ 0(55_)' wherep is an arbitrary integer.
Taking the PCs intaccount [2] weobtain, to lowest-
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ordef in the&'s,
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Av = Zgn+... (5) | |
n=-4 typical bunch
ﬁv 21T 4 L il
=—=1-— cosl2A@, — 21V )+- - 6

5= Sn(amy) 2 S coslane -2m) 6) : |

where Ag, is the phaseadvances,modulo 2tv, of the 0.04 N

collision pointsrelative to thelP. If the optics of the IR is T |
symmetrical about the IP, as is tbase inPEP-II, then the

stopband edge¥,. and widthdv = v, — v_ are given by [2] v | i

V+:p/2_4ZEnSin2A¢n+"' j A

n=1 (7) ) N

= p/2-2&.—4 COSZA +o.. 0.02 — solid: LEB, hor.

V- = P/2=2% r;f” & dashed: HEB, hor.

oV = 250 + 42 En COSZA(pn . (8) dotted: LEB, ver. E

=1 dot—dash: HEB, ver. -
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The input to the calculation is the set§{$ andA¢gs for all
collisions. The lattice functions at the PCs do eoter if the
calculation is carried out in locally-normalized coordinates [
The &'s are computedfrom the usual formulaspumerical
values for the high-energy beafHEB) and the low-energy
beam (LEB) ardisted in Ref. [1] (the latticeare different for
the two rings). The keparameter isé,, the nominalbeam-
beam parameter at the IP; it has the value 0.03 for lbedims Figure 3 shows thdynamical betgfunctions, normalized
in both planes. At the PCs,, 0 d,“; the strongest PC is theto their nominal values, plotted vs. tune. Gram sedhat the
first one, for which the beam separation is the smallest. ~ dynamical betafunctions are smaller than their nominal
counterparts for tune®0.25. This is qualitatively explained by
the dominance of the IP term=Q) in Eq. (6), sincecot2mv
Figure 2 shows the tune shift for a typical bunch plotted vs.>0 for v<0.25. The difference betweenthe four curves in
the bare lattice tune. One sees that thertical tuneshifts, Fig. 3 isdue tothe PCs: if the PCsvereignored, thefour
particularly that of the LEB,are clearly higherthan the curves would overlap.
nominal beam-beam parametealue of 0.03. Thehorizontal
tune shift becomessmall just above the integer (ohalf- 0.06 — ‘ ‘ ‘ ‘ —
integer), and the vertical turghift becomessmall justbelow - ] 1
the half-integer (or integer). L typical bunch 1
The locationandwidth of the horizontal stopbanasn be -
well understood from Egs. (7-8). The downshifts of hetical .
stopbands are accounted for by the thet the verticak’s are 0.04 —
>0. It is interesting to note that the P@xnd to make the
stopbandsiarrowerthan if they were due tthe IP alone. This ,,,
is particularly true for the vertical stopbands, for whibis ’
narrowing is explained byoting that theAgs areall very
close torr2, hencecos2Ag, = -1 in Eqg. (8). Theemarkable | . A
(but approximate) coincidence of the four lower edgesf the 0.0% solid: LEB, hor. ,
stopbands islue to anumericalaccidentinvolving the values dashed: HEB, hor. 4

of the phaseadvances anthe beam-beam parameters of the dotted: LEB, ver. 7
PCs. dot—dash: HEB, ver. -

1%

2I'l'ig. 2: The horizontal and verticekam-beantune shift for a
typical bunch as a function of theorrespondingtune for
nominal PEP-II parameters. The figureperiodic in v with a
period of 0.5.

3.1 Results for typical bunches
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1 Eq. (4.49) in Ref. [3] has twsign errors whichunfortunately, _. . . . .
have propagated througimuch of the literature. The equations Fig- 3: The horizontaandvertical normalized dynamicdleta

leading up to (4.49precorrect, but there is migonometric error function for a typical bunch as a function of tt@responding
at the very last step of the derivatiobur Eq. (6) is the correct tune for nominal PEP-Iparameters. The figure {geriodic in
result for discrete kicks. v with a period of 0.5.



3.2 Results for pacman bunches.

Figure 4 shows the beam-beam tune shifts for thedasiman
bunch, i.e., thebunch at thehead ofthe train. Thisbunch
experienceshe main collision at the IP plus the PCs at one
side ofthe IP only. By symmetry, the resulfer the last
bunch at the tail of the beam are identical to those foh¢hd
bunch.

The beam-beantune shifts for the othegpacman bunches
are in between those for the first pacman bunch and those for a
typical bunch. By comparingigs. 2and 4,one can sedhat v
there isalmost nodifferencefor the horizontal tuneshifts,
since for these thBCs are quite negligible. For thevertical
tune shifts, theeffect ofthe PCsfor the first pacman bunch
are, roughly speaking, about half as strong as for a typical
bunch, hence the values for the tune shaftsabout half way
in between the horizontal values and those for a typical bunch.
By the same reasoning, the horizontalmalized dynamical
beta functions for thehead bunch (not shown)re almost
exactly the same as those for a typical bunch, while the
vertical normalized dynamical beta functicar® somewhere in
between the horizontal values and those for a typical bunch.
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Fig 5: Thebeam-beantune shifts of a typical bunch as
function of the beam separation at the filst. The beam
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0.06 separation is normalized to the local nominal horizobéaim
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4 CONCLUSIONS

: We concludehat: (1) It isadvantageous tohoose a working
1 point just above the integer or thiealf-integer because the
. dynamical beta function is smaller than nominal andotsm-

] size of the LEB. The fractionalunes are fixed at ¢,
] )=(0.64, 0.57) for both beams, and all otparametersave

1 their nominal PEP-Il values. Tharow indicateshe nominal
1 separation, as specified in the CDR [1].

0.02 I solid: LEB, hor. _ beam tune shift is smaller than theam-beam parameter. (2)
L dashed: HEB, hor. | The vertical beam-beamtune shifts and dynamical beta
| dotted: LEB, ver. 1| functions, especially those of the LEBye much more
| dot—dash: HEB, ver. |  sensitive than the horizontal ones to the beam separation at the

0.00 “— \‘\ \‘\ \‘\ \‘\ I

PC: for small enough separation, both the tune <hifi the
dynamical betdunction become large, undointhe favorable

0.0 0.1 0.2 0.3 0.4 0. effect ofthe choice ofthe working point.(3) The tuneshift

v and the dynamical betdunction as a function of théeam

separation at the first PC for a fixed working point shows that

Fig. 4: The horizontaland vertical beam-beantune shift the vertical quantitieare quite sensitive tod;, a resultwhich
for the first pacman bunch, as a function of toeresponding correlates well with the beam blowup observed in multiparticle

tune for nominal PEP-lparameters. The figure jseriodic in Simulations [1,4].

v with a period of 0.5.

3.3 Results when only the first PCs are considered.

The effect on the beam dynamicstb& beam separatiah at ngg/rltjCRL-lD-114055/UC-IIRPA-93-01.

the first PC hadeen extenSiVEI$tUdiEd bySimUlation [1,4] [2] M. A. Furman, “Dynamical Beta Functioand Beam-Beam
Figure 5 shows thbeam-beantune shifts of a typicabunch Tune Shift for PEP-1I,” PEP-II/ARote 4-93/ESGTech Note-232,
plotted vsd;. In this calculation all PCs beyond the firgive January, 1994.

beenneglectedthe first PC is significantly stronger than th

June 1993,
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